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ABSTRACT 


project  Shoal  was  an  underground  nuclear  detonation,  for 
\idiich  the  Radiological  Sciences  Department  of  Reynolds 
Electrical  &  Engineering  Co.,  Inc,  provided  general  health- 
and-safety  services,  as  well  as  normal  radiological-safety 
functions!  detecting,  identifying,  measuring,  locating, 
recording,  controlling,  and  providing  protection  from 
radiation. 

Before  the  test,  personnel  made  radiation  surveys  and  col¬ 
lected  and  analyzed  air  samples,  thus  obtaining  measurements 
of  normal,  background  radiation.  Then  they  took  radiation 
measurements  from  the  environs  after  the  test ,  and  compared 
these  data  with  preshot  radiation  levels. 

Postshot  radiation  measurements  were  obtained  in  six  ways: 

—By  personnel  monitoring  with  portable  instruments, 

—By  reiTwte  monitoring  with  stationary  instruments. 

—By  collecting  airborne  dust  with  trays  coated  with  a 
sticky  substance,  and  analyzing  the  dust  for  radiation, 

— By  sziii5>ling  gamma  radiation  with  film  badges  through¬ 
out  the  area. 

—By  collecting  and  analyzing  air  samplf.s. 

—By  collecting  and  analyzing  effluent  samples  from  the 
postshot  drill-rig  vent-line  system. 

Radiation  at  shot  time  was  completely  contained;  released 
amounts  during  postshot  drilling  were  negligible. 

General  results ,  per  category  of  radioactivity  and  method 
of  measuring  it,  were  as  follows: 

—Alpha  Activity.  The  maximum  activity  from  sticky  trays 
was  5.3  X  10“4  uC  per  ft2  of  surface.  (This  amount  was 
found  on  only  one  tray;  only  11  trays  out  of  55  had  between 
1.0  X  10“4  and  2.0  x  10“4  ^c/ft2.)  Bioassay  results  were 

negative . 

-^j^ta  Activity  (from  Sticky  Trays) ,  The  maximum  activity 
was  8.7  X  10“^  iiC  per  ft^  of  surface.  Two  trays  had  more 


than  8.0  X  10“^  uC/ft^;  three  had  from  6.0  x  10“^  to 
7.4  X  iiC/ft^;  22  had  more  than  1.0  x  10“^  but  less 

than  6.0  x  10“^  ^C/£t^. 

— Gamma  plus  Beta  (from  Portable-Instrument  Monitoring) . 
The  maximum  reading  was  50  mrad/hr  in  air  at  the  drill- 
rig  casing  Decen^er  17  j  the  next  two  highest  were 
16  mrad/hr  December  16  and  12  mrad/hr  December  19,  both 
at  the  casing.  All  other  daily  maximum  measurements 
were  5  mrad/lir  or  less. 

— Gamma,  Results  from  remote  monitoring,  area-film- 
badge  analysis,  and  personnel  dosimetry  wera  negative. 
(Film  badges  show  doses  only  beyond  30  mR.) 

—Activity  from  Iodine  131.  The  maximum  activity  meas¬ 
ured  from  filters  in  air  samplers  showed  7.2  x  10“^ 
liC  per  m^  of  air  during  the  period  November  29  to 
December  1;  other  amounts  were  4  x  10“^  ^iC/m^  or  less. 
Iodine  concentrations  in  air  released  from  the  drill 
pipe  reached  a  maximum  of  8.0  x  10”^  uC/m^  on  December 
17 .  The  total  amount  of  Iodine  131  released  into  the 
atmosphere  through  the  vent-line  exhaust  was  3,3  x  10”^ 
Curies  in  18  days,  while  the  greatest  amount  released 
in  any  8-hour  period  was  about  5  x  10"^  Curies  (an 
av«!rage  based  on  a  release  of  1.5  x  10“^  Curies  between 
20:13  on  December  14  and  10:00  on  December  16). 

— Activity  from  Xenon,  The  total  amount  of  Xenon  re¬ 
leased  into  the  atmosphere  through  the  vent-line  exhaust 
was  2,1  X  10-^  Curies  of  Xenon  131m  and  9,2  x  10^  Curies 
of  Xenon  133. 
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PREFACE 

The  purpose  of  this  report  is  fourfold; 

--To  describe  the  functions  and  responsibilities  of  the 
Radiological  Sciences  Departiaent  of  Reynolds  Electrical 
&  Engineering  Co.,  Inc.  for  the  Project  Shoal  event. 

--To  present  data  gathered  by  this  department  on  types, 
amounts,  locations,  and  durations  of  radiation  resulting 
from  Shoal. 

--To  tell  hov/  these  data  ^-/ere  obtained;  methods  used 
for  detecting  radiation,  for  collecting  samples,  and  for 
getting  radiation  iaeasurements . 

— To  describe  other  Health  and  Safety  Division  activ’ities 
necessary  to  the  project. 
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I.  IHTROmjCTION 

A.  THE  EVEirr,  Project  Shoal  was  an  underground  nuclear  teat 
detonated  near  Fallon,  Nevada,  at  10  a-m.  October  26, 

1963*  It  was  part  of  the  Atomic  Energy  Commission's 
Vela-Uniform  program  to  develop  ways  of  detecting  under¬ 
ground  nuclear  blasts*  Sandia  Corporation  was  the  re¬ 
sponsible  Test  Group. 

The  detonation  took  place  in  a  deep  shaft  in  granite  in 
an  earthquake  area,  so  blast  effects  could  be  compared 
with  earthquake  effects. 

B.  FUNCTIONS  AND  RESPONSIBILITIES  OF  THE  RADIOLOGICAL 
SCIENCES  DEPARTMENT.  The  Test  Group  requested  through 
the  ABC  that  Reynolds  Electrical  &  Engineering  Co.,  Inc. 
(REECo)  provide  all  radiological-protection  services. 

This  work  was  carried  out  by  the  REECo  Health  &  Safety 
Division,  Radiological  Sciences  Department,  in  coordina¬ 
tion  with  the  Sandia  technical  director's  health-phys. cs 
advisor. 

Also,  for  this  event,  Health  &  Safety  assigned  to  Radio¬ 
logical  Sciences  the  responsibility  of  coordinating  and 
supervising  general-safety,  fire-protection,  and  medical 
services , 

1.  RADIOLOGICAL  SAFETY.  The  radj ological-safety  responsi¬ 
bility  consisted  of  tho  following  functions: 

--Detecting,  identifying,  locating,  and  plotting 
radiation  intensities.  (This  was  do  e  by  surveys, 
remote  monitoring,  and  collection  anu  analysis  of 
effluent,  air,  duct,  and  similar  environmental 
samples.) 

--Measuring  and  recording  radiation  intensities  and 
doses  (including  bioassay) . 

--providing  protection  from  radiation  and  contamin¬ 
ation.  (This  was  done  by  use  of  clothing  and  res¬ 
piratory  equipment,  and  by  prohibiting  or  controlling 
access  to  areas.) 

— Controlling  the  sources  and  spread  of  radioactiv¬ 
ity  and  contamination. 
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- -Decent  an,inating  personnel,  equipment,  and  m.aterial 
and  disposing  of  radioactive  waste* 

" — Maintaining  and  servicing  radiation-monitoring 
instruments. 

SAFETY,  FIRE  PROTECTION,  AND  MEDICAL  AID.  Radiological 
Sciences  Department  supervisors  also  coordinated  and 
supervised  the  Shoal  safety,  fire-protection,  and  first 
aid  activities.  (Health  &  Safety  Division  aidmen  were 
available  full  time  to  give  medical  treatment.) 

Safety,  fire-protection,  and  medical  responsibilities 
were  as  follows : 

— Making  weekly  fire  and  safety  inspections  at  the 
Shoal  site  and  at  Fallon  offices  and  warehouses; 
reporting  on  hazards;  recommending  corrections  and 
reporting  on  their  outcome. 


— Holding  weekly  safety  talks  with  field  personnel. 

— Establishing  a  volunteer  fire  brigade. 

— Providing  training  in  fire  fighting. 

— Investigating  and  reporting  on  vehicle  accidents. 

“Providing  routine  first  aid  and  emergency  treat- 
nsnt . 

— Providing  ambulance  service  to  Fallon, 

(See  Appendix  for  breakdown  of  occupational  and  non- 
occupational  injuries  by  type  and  month.) 
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IT.  ACTIVITIES 


A,  EOUIPMEMT  TRANSPORT  AND  PREPARATION,  To  provide  radio¬ 
logical  safety  and  general  health-and-safety  support,  a 
large  amount  of  equipment  and  supplies  had  to  be  moved 
from  the  Nevada  Test  Site  to  the  Shoal  site.  The  follow¬ 
ing  equipment  was  used: 

~~A  remodeled  28-foot  trailer  for  a  first-aid  station, 
(This  was  set  up  during  the  construction  for  site 
preparation,  about  five  months  before  the  test.) 

— Twelve  trailers,  each  equipped  with  eight  air 
samplers . 

— A  personnel-decontamination  trailer, 

— Two  30-foot  trailers  for  field  offices  c  "check 
stations , " 

— A  truck  with  a  l.OOO-gallc-n  water  tank  and  high- 
pressure  pump  and  nozzle  for  decontaminating  heavy 
equipment . 

—A  base-station  trailer  for  housing  portable  radiation 
instruments,  clothing,  dosimeters  and  film  badges,  and 
supplies,  and  to  serve  as  a  check  station  to  control 
entry  into  the  test  area.  (This  trailer  was  set  up 
500  feet  from  surface  ground  zero  after  the  shot.) 

— A  mobile  laundry  trailer  for  decontaminating  cloth¬ 
ing.  (About  1,050  coveralls  and  2,400  pieces  of  pro¬ 
tective  equipment — boots,  gloves,  caps,  respirators, 
etc . --eventually  were  decontaminated,) 

— A  mobile  radiological-bioassay  laboratory,  (The  lab 
and  laundry  were  positioned  half  a  mile  from  surface 
ground  zero  after  the  shot.) 

The  lab  was  eguippea  for  routine  analysis  of  air  and  water 
samples,  and  for  bioassay  by  chemical  analysis  and  gross 
fission-product  counting.  For  gamm.a  spectrometry,  the 
U.  S,  Public  Health  Service  analyzer  in  Fallon  was  used. 


B.  RADIATION- SURVEY  AND  SAMPLING  METHODS. 


1.  PORTABLE-INSTRUMENT  MONITORING. 

a,  Backoround  Surveys.  Monitors  systematically  sur¬ 
veyed  the  test  area  before  the  event  to  determine 
normal,  background  levels  of  radiation. 


b.  postshot  Surveys.  Three  teams  made  the  initial 

radiation  survey  after  the  test,  monitoring  all  on¬ 
site  roads  and  stations.  Radiation  surveys  were 
made  and  results  (negative)  recorded  with  reference 
to  numbered  stakes  that  had  been  placed  along  roads 
every  quarter  mile  (in  some  cases,  every  tenth  of  a 
mile)  before  the  test. 

When  drilling  started,  monitors  were  assigned  to 
the  drilling  area  continuously  throughout  the  oper¬ 
ation.  They  also  monitored  the  general  area,  the 
effluent-exhaust  (vent-line)  system,  and  the  people 
working  in  or  leaving  the  radiation  area. 


c.  Results .  No  radiation  was  detected  on  D  Day.  After 
postshot  drilling  started,  monitors  found  radiation 
on  and  immediately  around  the  drill  rig  and  vent 
line  only.  Access  to  the  area  required  control  only 
on  D  Day  and  the  last  fi-fe  days  of  drilling.  Maximum 
amounts  of  gamma  plus  beta  were  50  mrad/hr  at  the 
drill-hole  casing,  3  mrad/hr  at  the  drill- rig  plat¬ 
form,  and  5  mrad/hr  at  the  first  chip-and-dust- 
collection  tank  on  the  vent-line  (see  diagram, 
page  9  J  . 

2.  REf^yTE  MONITORING. 

a.  Preshot  Preparation.  Eighteen  remote  detectors  for 
gamma  monitoring  were  placed  around  the  test  area 
and  hard-wire  linked  to  readout  consoles.  Back¬ 
ground  radiation  was  measured  and  recorded  before 
the  test . 


Two  instruments  in  the  main  drift  were  damaged  by 
the  shock  wave.  The  other  16  were  positioned  on 
the  surface  around,  and  at  distances  of  500  to  8,200 
feet  from,  surface  ground  zero.  (See  diagram,  page  S, 
for  locations , ) 
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D-DAY  AtR  SAMPLER  a  RADiATlON  DETECTOR  L0C4T/0WS 
PROJECT  SHOAL 


b.  Postshot  Monitoring >  To  measure  radiation  in  and 
near  the  drilling  area  and  inside  the  vent  line, 
personnel  placed  radiation-monitoring  detectors  on 
the  drill  rig  and  at  several  locations  along  the 
vent  system.  To  get  a  fast  evaluation  of  gross 
radioactivity  released  into  the  atmosphere,  they 
put  four  Geiger-Mueller  detectors  inside  each  vcnt- 
line  exhaust  stack.  (See  Section  6,  Vent-Line 
Monitoring  and  Sampling.) 

Some  of  the  detectors  that  had  been  placed  around 
the  area  before  the  test  were  relocated  for  close-in 
monitoring. 

All  readout  stations  were  checked  continually  by 
monitors  during  the  postshot  phase. 

c.  Results .  The  16  detectors  encircling  ground  zero 
indicated  no  radiation  above  background  levels 
either  on  or  after  D  Day.  (For  results  of  vent-line 
monitoring,  refer  to  Section  6,  Vent-Line  Monitor¬ 
ing  and  Sampling.) 

3.  STICKY-TRAY  AND  APJIA  FluM-B/OXSE  SAMPLING. 

a.  Procedure.  To  collect  samples  of  radioactive  dust 
or  other  particulate  matter,  trays  coated  with  a 
sticky  substance  were  placed  on  stakes  at  fixed 
locations  around  the  test  area.  Gamma  film  badges 
also  were  attached  to  these  stakes.  (See  diagram, 
page  15 ^  for  locations.) 

b.  Results .  There  was  no  exposure  to  gamma  radiation 
above  the  reportable  limit  (30  mR) , 

Sticky  trays  showed  maximum  radiation  intensities 
of  5.3  x  10”^  of  alpha,  and  8.7  x  10”’"^  uC  of  beta, 
par  square  foot  of  surface  area.  Both  alpha  and 
beta  activity  were  the  result  of  the  decay  of  natural 
thorium. 

For  complete  data,  see  Table  A,  page  13. 
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4.  PERSONNEL  DOSIMETRY. 

a.  Film-Badge  and  Dosimeter  Distribution.  Before  the 
evimt .  all  persons  at  the  Shoal  site  were  issued 
gamnia  film  badges.  After  the  event,  self-read 
pocket  dosimeters  were  given  to  all  persons  who 
entered  the  potential  radiation  area,*  gamma  film 
badges  also  were  exchanged  when  the  need  arose, 

b.  Results .  No  exposure  to  radiation  was  indicated 

by  pocket  dosimeters.  No  exposure  was  indicated  by 
film  badge  for  any  person  other  than  those  who  cal¬ 
ibrated  radiation-detection  instruments.  Here,  the 
maximum  exposure  was  140  mR,  received  by  a  Radio¬ 
logical  Sciences  technician  using  a  radioactive 
source  for  calibration. 

5.  AIR-SAMPLE  COLLECTION, 

a.  Preparation.  Twelve  trailers — ^each  with  eight  air¬ 
sampling  heads  that  could  run  all  together,  in 
sequence,  or  singly  for  indefinite  periods — were 
placed  around  the  test  area.  The  sampling  heads 
contained  a  Whatman  41  prefilter  and  a  charcoal- 
cartridge  filter. 

For  the  event,  the  trailers  were  situated  along  two 
arcs  1,250  and  2,500  feet  downwind  from  ground  zero. 
(See  diagram,  page  5,  for  locations.)  After  the 
event ,  they  were  relocated  to  encompass  the  drilling 
and  vent-line  areas.  (See  diagram,  page  18.  ) 

b.  Sampling.  The  air  samplers  were  started  before  the 
test.  In  each  trailer,  one  sampler  ran  for  1  hour, 
then  ‘'he  next  sampler  for  1  hour,  and  so  on  for  8 
hours,  after  which  the  cycle  was  repeated.  This 
sequence  lasted  through  D  Day  and  until  post shot 
drilling  started. 

A-fter  drilling  started,  one  sampler  in  each  trailer 
ran  continuously,  v/ith  the  filters  and  cartridges 
changed  every  8  hours,  until  drilling  reached  600 
feet.  At  that  depth  the  samplers  were  changed  back 
to  sequential  operations.  Within  this  last  period, 
the  filters  and  cartridges  were  not  changed  until 
there  was  evidence  of  venting,  or  until  a  week  had 
passed.  During  drilling  operations,  air  samples 


were  collected  c 
{See  diagram,  pa 

c.  Results .  Radiological  Sciences  teclinicians  analyzed 
the  filters  and  cartridges  at  the  USPHS  lab  in 
Fallon;  they  found  no  significant  concentrations  of 
radioactive  particles  or  gases.  Maximum,  amounts  of 
Iodine  131  were  7.2  x  10“3  uC  per  m3  of  air  around 
the  drill  rig,  and  8.0  x  lO”^  uC/m3  on  the  drill 
rig . 

6.  VEMT-LINE  MONITORING  AND  SAJ^IPLING. 

a.  Description  of  the  Vent-Line  System.  The  effluent- 
vent-line  system  was  an  arrangement  of  vent  pipes, 
filtering  devices,  blowers,  and  exhausts.  Its  func¬ 
tion  was  to  prevent  radioactive  matter — especially 
iodine-~from  escaping  underground  confinement  and 
entering  the  atmosphere  during  post shot  drilling. 
(See  diagram.,  page  9,  for  illustration.) 

The  system  accomplished  this  by  first  containing 
the  high-pressure  gases  with  a  blowout  preventer 
{BOP)  during  the  postshot  drilling.  Then  vent 
pipes  transported  the  effluent  away  fromi  the  dril¬ 
ling  area  and  through  a  series  of  filters,  which 
trapped  most  of  the  radioactive  matter.  (The 
filters  included  two  dust-and-chip-collection  tanks; 
a  box  containing  absolute  filters,  with  prefilters 
to  trap  particulate  matter;  and  a  box  ("charcoal 
bed")  of  2,500  pounds  of  activated  charcoal,  covered 
with  dirt.) 

Finally,  at  the  e  .  of  the  system,  a  blower  drew 
the  filtered  effluent  through  the  exhaust  stacks. 

An  auxiliary  system  was  available  if  the  first 
blower  failed.  A  secondary  vent  line  branched  off 
from  the  main  vent  line  in  front  of  the  charcoal 
bed.  (See  diagram,  page  9  .)  The  auxiliary  line 
was  connected  to  a  box  of  400  pounds  of  activated- 
charcoal  filters,  then  to  two  axial-vane  fans  in 
succession,  and  finally  to  the  auxiliary  exhaust 
stack, 

b.  Monitoring  Locations.  Gamma  detectors  were  placed 
at  several  locations  in  the  vent-line  system,  as 


ontinuously  around  the  drill  rig. 
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POST  ,S«OT  OfllLUNG  VENT-UNE  SYSTEM 
pffojecr  sHOAt. 


explained  below.  (Refer  to  diagramj  page  9,  for 
locations . ) 

--Two  scintillators  were  placed  on  the  drill- 
rig  ai.r-exhaust  line  ("blooey”  line)  near  its 
junction  v/ith  the  blowout  preventer;  their  func¬ 
tion  was  to  detect  the  initial  release  of 
effluent.  They  were  connected  to  alarms  t.,iat 
sounded  v/hen  certain  lec'els  of  radiation  were 
detected . 

“-A  radiation-detector  probe  was  situated  at  each 
of  the  following  places;  outside  and  near  the 
bottom  of  the  first  dust-collection  tank;  on  top 
of  each  charcoal  bed;  and  on  the  vent  line  ahead 
of  each  exhaust  stack. 

— Geiger-Mueller  detectors  were  put  inside  the 
exhaust  stacks.  They  provided  a  fast  evaluation 
of  gross  activity  released  into  the  atmosphere, 
but  did  not  identify  isotopes. 

c.  Vent-Line  Samples.  Samples  to  determine  the  types, 
quantity,  and  radioactivity  of  the  gases  (particu¬ 
larly  iodine)  inside  the  vent  line  were  taken  at 
two  places:  iii  front  of  the  charcoal  bed  and  in 
front  of  the  exhaust  stack  (in  the  primary  vent¬ 
line  system) . 

The  sampling  apparatus  consisted  of  a  series  of 
four  filtering  devices;  a  Whatman  41  filter;  a 
charcoal  cartridge;  a  desiccant  (vapor-absorbing) 
cartridge;  and  two  cold  traps,  each  comprising  an 
absorption  tube  filled  with  activated  charcoal  and 
immersed  in  a  mixture  of  acetone  and  dry  ice. 

The  Whatman  filters  trapped  particulate  matter;  the 
charcoal  cartridges  absorbed  most  of  the  radioactive 
iodine;  the  desiccant  cartridges  absorbed  water 
vapor;  and  the  cold-trap  absorption  tubes  captured 
inert  gases. 

Also,  samples  were  taken  directly  from  the  vent  sys¬ 
tem  to  determite  the  presence  of  toxic  and  explosive 
gases. 

d.  Results .  Tables  C-3,  D,  and  E  show  the  amounts  of 
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Iodine  131,  Xenon  131m,  and  Xenon  133  released 
through  the  system  into  the  atmosphere.  The  figures 
were  extrapolated  from  sample  results.  Total  re- 
lease  based  on  this  method  was  as  follows:  Iodine 
131,  3.3  X  10~2  Curies;  Xenon  131m,  2.1  x  10^  Curies 
Xenon  133,  9.2  x  10^  Curies. 

Results  of  samples  taken  in  front  of  the  charcoal 
bed  are  not  given  because  the  sampling  apparatus  v/as 
not  functioning  properly.  The  main  function  of  the 
radiation-detector  probes  on  the  vent-line  system 
was  to  warn  of  high  radiation  levels  that  mdght  en¬ 
danger  people  working  near  the  system,  rather  than 
to  provide  continuous  measurements.  A  second  func¬ 
tion  was  to  help  determine  the  duration  of  sampling 
periods.  For  these  reasons,  vent-line-monitoring 
data  were  not  tabulated;  also,  the  results  from 
vent-line  samples  were  considered  most  indicative 
of  vent-line  activity. 

7.  BIOASSAY. 

a.  Procedures .  Urine  specimens  were  obtained  from  a 
group  of  Project  Shoal  participancs  befo.“e  the  test 
— so  a  base  line  of  normality  could  be  detenrined — 
and  again  at  the  conclusion  of  operations. 

b.  Results.  No  internal  radiation  exposure  was  indi¬ 
cated  . 

C.  .MISCELLANEOUS  ACTIVITIES. 

The  following  routine  activities  also  were  performed  as 
part  of  the  overall  responsibility  of  the  Radiological 
Sciences  group: 

--Demarcating  areas  of  actual  or  potential  radiation 
(radiation  exclusion  areas) ;  controlling  entry 
these  areas  by  establishing  area  control  and,  in  the 
work  area,  by  limiting  entry  to  authorized  persons. 


— Decontaminating  and  providing  clothing,  and  issuing 
it  to  all  persons  entering  a  radiation-exclusion  area. 

--Issuing  self-read  dosimeters,  and  film  badges  when 
necessary,  co  all  persons  entering  a  radiation  area, 
and  documenting  their  entry  and  exit. 


"Maintaining  raQiation-niQnitoring  inatrairients » 


“—Decontaminating  land  near  tr»e  surface- 
drill  hole  and  the  cf^ch  basin.  This  wa 
scraping  the  surface.  Mining  the  contaminated 
wrth  dean  soix  to  reouce  concentrat  kons  qx  ra- 
ctive  material,  and  burying  the  soil  under  se 
ie-et  of  uncontaminated  earth. 


1 


O'l  titli 


A“  1 

## 

3*5  X  10"5 

## 

A- 3 

1,7  X  1C="5 

## 

a-4 

1,7  X  10-5 

m 

h~  5 

??■ 

## 

A"  6 

1.7  X  10-5 

1.5  X  10-4 

A- 7 

# 

## 

A -8 

# 

8.4  X  10-5 

A -9 

# 

## 

> 

1 

o 

1.7  X  10-5 

## 

A- 11 

# 

8,8  X  10”5 

A- 12 

2.8  X  10-4 

A- 13 

1,7  X  10-5 

2.5  X  10-5 

A -14 

1.7  X  10-5 

2.9  X  10-4 

A-15 

8.8  X  10-5 

2.5  X  10-5 

A-16 

6,2  X  10-5 

3.3  X  iQ-** 

■r.  “!  -J 

i\  ^  / 

6.2  X  10-5 

5,5  X  10"5 

A-13 

5,3  X  10-5 

A-19 

6,2  X  10-5 

1.7  X  10-4 

A  “20 

5.5  X  10-5 

1.6  X  10 

A- 21 

1,7  X  lU-5 

## 

A— 2  A 

5,3  X  10-5 

3.5  X  10-5 

A- 2  3 

4.4  X  10-5 

5,3  X  10-5 

A- 2  4 

5,3  X  10-5 

## 

B-1 

1,7  X  10-5 

2.5  X  10-^ 

B-2 

1.7  X  10-5 

m 

B-3 

# 

2.9  X  10-4 

B-4 

5.3  X  10-5 

3.6  X  10'4 

B-5 

2.6  X  10-5 

2.6  X  10-5 

B-6 

3.5  X  10”5 

## 

B-7 

3,5  X  10-5 

7.0  X  10-5 

B-S 

5.3  X  10-4 

2.5  X  10-4 

O 

1 

1.6  X  10-4 

8.1  X  10-4 

C-2 

S.8  X  10-5 

3.5  X  10-5 

C-3 

1.5  X  10-4 

5.9  X  10-5 

C-4 

1,6  X  10-4 

2,4  X  10-4 

C-5 

9,7  X  10-5 

1.8  X  10-4 

1 

a 

1,9  X  10-4 

2  .4  X  10-4 

C-7 

1.2  X  10-4 

3.0  X  10-4 

(Continued  on  next  page) 


C-8 

9.7 

X 

10’5 

5 , 7 

X 

-5  .-,“5 
Xo 

8 .8 

X 

1  •  ^ 

-S-V 

___ 

C-9 

1.1 

X 

10  ** 

0.0 

X 

10“^ 

D-5 

___ 

3,7 

X 

10"4 

C-10 

1,3 

X 

1  A  “4 

iv 

1,9 

X 

10^4 

D-6 

8.8 

X 

10-5 

5.5 

X 

10"4 

C-11 

1,3 

X 

10 -- 

7.4 

X 

10^"^ 

D-7 

1 . 5 

V 

10""* 

4  .0 

X 

10  — 

C-12 

9.7 

X 

10“^ 

8.7 

X 

10“"* 

D-8 

1.4 

X 

10- 

'■>  T 
•c-  « 

X 

10 -4 

0”1 

9,7 

X 

10“^  ^ 

1.1 

X 

10"^ 

D-9 

9.7 

X 

10-5 

7.0 

V 

10“5 

D-2 

1.7 

X 

10 ’5 

4,9 

X 

10- 

D-10 

7.9 

X 

10-5 

4  .4 

X 

10“5 

1.4  X  10' 


7.3  X  10^ 


D-11  8.8  X  10’ 


2.7  X  10’ 


Trays  were  placed  10/25,  collected  and  counted  10/30. 

^  See  diagram,  pg.  15,  for  locations. 

**  J^ll  data  were  from  decay  of  .natural  thorium. 

#  Less  than  2.0  x  10“^  uC/ft^,  mininium  detection  limit. 
##  Less  than  1.0  x  10"^  uC/ft^ ,  rndnimum  detection  limit. 
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p. 

B.  GAMMA-PbuS-BETA  ACTIVITY. 

TABLE  B;  MAXIMUM  DAILY  LEVELS 
DRILL=HOLE  CASING ,  DRILL“RIG 

OF  GAMMA 
PLATFORM, 

PLUS  BETA*  A 

£-=Ti|J  Xf-'' 

T  THE 

NK  1 

3  f  W  ^r- 

iiJ_ 

Mrad/hr 

B 

1  Ti  H  ’I  y® 

* 

a  F%  a 

Depth  of 

1 

Date 

(Casing) 

{ Platform) 

(Tank) 

Hole  (Ft) 

Notes 

f 

11/23 

# 

it 

896 

(1) 

= 

11/2-4 

fP 

# 

966 
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0.5 
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# 
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(4)  Fishing  for  tools, 
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(6)  Relieved  pressure  built  up  by  drilling  air. 

(?)  TV  run. 

(S)  Vent  line  disconnected:  repairs  to  casing. 

(9)  Casing  repairs  complete ,  vent  line  reconnected:  coring. 

(10)  Coring  completed:  hood  leaking. 
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C,  IQDIME  131  ACTIVITY 


TABLE  C-h  IODINE  131  PER  CUBIC  METER  OF  AIR  COLLECTED 
BY  AREA  AIR  SAMPLERS  DURING  VARIOUS  Tim  PERIODS 

IODINE  131  AROUND  THE  EXHAUST  STACK 


Iodine  131  CuC/ft^)  for  Each  Sampler 

Tinie  Period  Air  Saniplers  (See  Page  18  for  Locations)  : 

for  Sampling  1  2  3  4  5  6  7_ _ 8 

10/26-12/5  none  none 
12/6-12/6 
12/7-12/14 
12/15-12/15  # 

12/16-12/18  none 
12/19-12/19  _ 1_ 


none 

ix 

11 

ii 

ii 


none 

I? 


none 

Ii 


none 

# 

none 


none 

ii 


none 


ii 


ii 


IODINE  131  AROUND  THE  DRILL  RIG 


Iodine  131  (uC/m^)  for  Each  Sampler 


Time  Period 
for  Sampling 
11/10-11/28 
11/29-12/1 
12/1-12/2 
12/2-12/5 
12/6-12/6 
12/7-12/11 
12/11-12/12 
12/12-12/13 
12/13-12/13 
12/14-12/14 
12/14-12/15 
12/15-12/15 
12/15-12/16 
12/17-12/17 
12/17-12/18 
12/18-12/19 


Air  Samplers  (See  Page 
9 _ 10 

none  none 

!<  » 


# 

none 


'■  none 

2.1  X  10“^ 

none 


IS  for  Locations) r 

11 _ 12 _ 

none  none 

«  7.2  X  10“3 

"  none 

”  7.2  X  10^ 

"  7.2  s  10" 

"  none 


4.0  X  10 
1.6  X  10 
ione 


-5 

-6 


9.5  X  10 


r=~  / 


#  Less  than 


i  X  10~8, 


mininium  detection  limit . 


CTi  O' 


500f€£T 


mmfTf  EomsT  staoc 
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POST  SHOT  AIR  SAMPLING  LOCATIONS 
PROJECT  SHOAL 


TABLE  C- 

2:  IODINE  131  II; 

1  AIR  FROM  THE 

DRILL  PIPE 

Time  and  Date 
Period  Ended 

I 131  Released 
During  Period 
luC/m3) 

Time  and  Date 
period  Ended 

jl31  Released 
During  Peric>d 

iuC/mw)  - 

0015 

.  11/20 

none 

2220,  12/14 

0745 

,  11/25 

4.4  X  10-7 

2356,  12/15 

6.7  X  10”4 

1545 

,  11/26 

8.2  X  10-6 

0750,  12/16 

# 

1545 

,  11/27 

none 

1450,  12/16 

5.4  X  10-6 

1500 

,  11/28 

1.5  X  30-4 

1802,  12/16 

# 

1500 

,  11/29 

none 

2330,  12/16 

2205 

,  11/29 

1.1  X  10-5 

0730,  12/17 

1.6  X  10-6 

2  330 

,  12/10 

none 

1500,  12/17 

8.0  X  10-4 

0335 

,  12/11 

5.5  X  10-6 

2300,  12/17 

2.4  X  10-6 

0800 

,  12/12 

0730,  12/13 

none 

1500 

,  12/12 

none 

2300,  12/18 

3.7  X  3^-4 

0700 

,,  12/14 

none 

0730,  12/19 

2.3  X  10-6 

1540 

,  12/14 

9.5  X  10-6 

1530,  12/19 

3.3  X  10-6 

1630 

,  12/14 

1.8  X  10-4 

*  These  concentrations  were  not  detected  continually,  but  at 
short  intervals  when  the  drill  string  was  uncoupled  either 
to  insert  or  remove  drill  pipe.  The  total  amount  of  Iodine 
131  released  at  these  times  is  considered  insignificant, 

#  Traces  detected;  amount  not  measurable. 


TABLE  C-3t  IODINE  111  R 
Th.'OUGH  THE  VENT 


^^.ASED  imO  THE 
LINE  EXHAUST  ST A 


£  M*  M  os  p  PS 

=CK 


(Relsase  was  determined  for  consecutive  period5--whieh  began 
when  the  preceding  period  ended-^by  sampling  the  vent  line 
near  the  exhaust  stack,  and  extrapolating  for  the  total.) 


Time  and  Date 

ll31  Released 
During  Period 

Time  and  Date 

jlBl  pgleaseQ 

Duri  ng  Period 

Period 

[  Ended 

(Curies) 

Period 

Ended 

(Curies) 

1530, 

11/26 

line  closed 

0900, 

12/13 

2.5  X  10"^ 

1400, 

12/2 

none 

r  1 U  u  , 

12/13 

2.0  X  10“^ 

1330, 

12/4 

7.2  X  10"^ 

0500  . 

12/14 

4.4  X  10"^ 

1330, 

12/5 

none 

1030, 

12/14 

2.1  X  10”^ 

0120, 

12/6 

2.5  X  10"^ 

2013, 

12/14 

1,4  X  10”^ 

1600, 

12/6 

5.8  X  10”^ 

1000 , 

12/16 

1.5  X  10 "2 

uioo , 

12/7 

7.4  X  10"^ 

0100, 

12/17 

line  closed 

1400, 

12/7 

8.4  X  10"^ 

0545, 

12/17 

1.9  X  10“^ 

0130, 

12/8 

1.1  X  10"5 

1030, 

12/17 

7.8  X  10""^ 

1330, 

12/e 

2.4  X  10"5 

1435, 

12/17 

8,7  X  10"^ 

0030, 

12/9 

2.5  X  10"^ 

C115, 

12/18 

V.O  X  10“’'"* 

1330, 

12/9 

none 

0915, 

12/18 

3.3  X  10"2 

1730, 

12/10 

1.7  X  IC"^ 

1732  , 

12/18 

3.0  X  10“2 

0530, 

12/11 

1.9  X  10"^ 

0200 , 

12/19 

1.7  X  10“3 

1730, 

12/11 

1.7  X  10’5 

0950 , 

12/19 

1.2  X  10“3 

2120, 

12/12 

none 

1630, 

12/19 

‘.4  X  10"^ 

Total 

Curies 

of  Iodine  131  Released: 

3.3  X  10“ 

d 

* 

D.  XEN0N-131IB  ACTIVITY. 


TABLE  Di  XENOM  13iiB  RELEASED  INTO  THE  ATMOSPHERE 
THROUGH  THE  VENT -LINE  EXHAUST  STACK 


(Release  was  detemined  for  consecutive  periods-“Vdiicli  began 
when  the  preceding  period  ended — by  sampling  the  vent  line 
near  the  exhaust  stack,  and  extrapolating  for  the  total,) 


Time  and  Date 

Period  Ended 

Xe  131m 
During 
(Cur; 

Released 

Period 

Les) 

Time  and  Date 
Period  Ended 

Xe  i31m  Released 
During  Period 
(Curies) 

1530,  11/26 

line  closed 

1110, 

12/16 

none 

1530,  12/11 

none 

0100, 

12/17 

line 

closed 

2200,  12/11 

8.9 

X 

10”^ 

0530, 

12/17 

2.6 

X 

10° 

0930,  12/12 

5.0 

X 

10'^ 

1020, 

12/17 

1.3 

X 

10“^ 

1530  12/12 

1.5 

X 

10^ 

1435, 

12/17 

3.1 

X 

10“2 

2120,  12/12 

1.2 

X 

10^ 

0115, 

12/18 

5.0 

X 

10“2 

0900,  12/13 

1.1 

X 

10° 

0915, 

12/18 

2.0 

X 

10° 

1300,  12/13 

1.6 

X 

10° 

1732, 

12/18 

2.0 

X 

10° 

2100,  12/13 

1.3 

X 

10° 

0130, 

12/19 

1.4 

X 

10“^ 

0500,  12/14 

1.7 

X 

10° 

0945, 

12/19 

4.0 

X 

10"2 

1030,  12/14 

2.8 

X 

10"^ 

1630, 

12/19 

8.6 

X 

10"^ 

2015,  12/14 

3.1 

X 

10° 

Total  Curies  of  Xenon  131m  Released;  2.1  x  10^. 
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E.  XEN^-133  ACTIVITY. 


E|  XEHON  j=^  ^  P.ELEi^SED  .Tr^  iO  i  ttij  rvii  iUoi'i: 

THROUGH  TiZE  imMT“LINE  EjOtfUST  STACK 


(Release  was  determined  “ i  indicated  in  Table  D.i 


Time  and  Date 
Period  Ended 

Xe  133  Released 
During  Period 
(Curies) 

Tiine  and  Date 
Period  Ended 

Xe  l33  Released 
During  Period 
(Curies) 

1530, 

11/26 

line  closed 

1530, 

12/12 

4.2  X  10® 

1400 , 

12/3 

none 

2120, 

12/12 

6.3  X  10 

1330, 

12/4 

3.6  K  10"^ 

0900, 

12/13 

1.1  X  10^ 

0130 , 

12/5 

2.0  X  10'^ 

1300, 

12/13 
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